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Abstract 
A dense cermet membrane consisting of tantalum metal and yttria-stabilized zirconia has been developed for separation of 
hydrogen from hydrogen containing gas mixtures. Ta/YSZ membrane without secondary phase can be obtained by mechanical 
polishing after high vacuum sintering. As-prepared membrane showed dense structure with continuous channel of tantalum.  
Hydrogen permeation experiments were conducted using different cell to investigate the optimum sealing method. Hydrogen 
fluxes through these cermet membranes were measured in the region of 350-500 ଇ. The permeation flux increased 
monotonically with increasing the temperature. The highest hydrogen flux was 1.2 ml/min·cm2 for a cermet membrane of 0.5 mm 
thick at 300 ଇ using 100% H2 as the feed gas and Ar as the sweep gas. Ta/YSZ membrane was deteriorated by tantalum hydride 
formed during permeation with brazing sealing but in the case of knife edge type sealing, no tantalum hydride was detected on 
the surface of Ta/YSZ cermet membrane.  
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1. Introduction 
 Pre-combustion CO2 capture technology is recently focused on one of reduction methods of carbon dioxide from 
power generation system in view of environmental and sustainable energy. Separation of hydrogen from water-gas 
shift reactors through dense hydrogen transport membranes, while retaining CO2 produces essentially pure hydrogen 
in the permeate and CO2 at high pressure and high concentration in the retentate, which is ideal for efficient 
sequestration of CO2. Moreover, the combination of a hydrogen selective membrane with a water-gas shift catalyst 
in a single reactor would allow a high degree of CO conversion, despite a low equilibrium constant at high 
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temperature, due to the continuous depletion of H2. This equilibrium shift can provide more hydrogen productivity, 
higher concentration of CO2 and lower impurity such as CO.     
Nowadays, many researchers have been studied on various membranes for low cost separation of hydrogen [1-5]. 
To eliminate the cost problem and vulnerability of membrane for impurity gas, various composite or cermet 
membranes have been researched for hydrogen separation. Hydrogen-permeable composite-metal membranes, 
consisting of a thin noble-metal coating (Pd, Pt etc.) over a less expensive hydrogen-permeable base metal 
(refractory group V metals, V, Nb, Ta), have been investigated their low requirements of noble metals[6]. Stability 
and long time permeation flux of composite membrane composed with Pd and V are extensively described by 
Edlund and McCarthy [7]. In addition, Argonne National Laboratory is developing dense hydrogen permeable 
cermet membranes for separating hydrogen from a simulated syngas mixture containing H2, CO, CO2, CH4 and H2S. 
Balachandran group has been investigated stable membrane composition to devise cost-effective, efficient process 
for producing and utilizing hydrogen [4, 8, 9].  
In this work, cermet (i.e. ceramic-metal composite) membranes have been developed to separate hydrogen from 
mixed model gases. Hydrogen separation with cermet membranes is non-galvanic, i.e. it does not use an external 
electric power supply for gas separation. The price of tantalum metal is considerably cheaper than that of Pd and 
tantalum has high permeability in comparison with other hydrogen permeable metals, but tantalum is unstable in 
most atmospheres since it can be easily reacted with oxygen, nitrogen and hydrogen. The reactivity and stability for 
Ta powder and Ta/YSZ cermet membrane were investigated according to temperature and various sealing method. 
Also the hydrogen flux of cermet membrane was investigated as a function of temperature.  
2. Experimental 
2.1. Sample preparation 
A 60 vol % Ta/YSZ cermet membrane was prepared by mechanically mixing tantalum metal powder (-325 mesh, 
99.5% Alfa Aesar) with Y2O3-stabilized ZrO2 (i.e. YSZ, Tosoh-zirconia, TZ-8Y), PVB (polyvinyl butryal, Sigma) 
as organic binder and Y2O3 (Yttrium oxide, 99.99% Aldrich) as a sintering agent. The mixture was milled with 
acetone and ball for 1 hr. The obtained powder after dry were compressed into disks of 20 mm in diameter and ca. 
1.2 mm of thickness in a stainless steel mold under a hydraulic load of 8–20 ton on an area of 3.14 cm2 by unilateral 
press (model 25601 series, Specac Limited, U.K.). The green disks were pre-sintered at 300 ଇ under He condition 
for 10 hr and then sintered at 1600 ଇ for 2 hr in vacuum furnace (10-3–10-5 torr). The sintered disk was polished 
with 600 grit SiC on both surfaces by Grinder (Beta series, Buehler LTD., U.S.A) to smooth the surface and to 
remove the tantalum carbide which was formed on the surface of membrane during sintering process because of 
carbon heater and insulating felt. Then pure Pd thin film (150 nm) was coated on the Ta/YSZ cermet using DC 
Magnetron sputtering system (KVS-2004L, Korea Vacuum Tech.). He gas-tightness tests of as-prepared membranes 
were conducted at room temperature with unsteady state gas permeation setup. A detailed description of the He gas 
tightness test is given elsewhere [10]. The crystal structures of the membrane after sintering at different condition 
were characterized with an X-ray diffractometer (XRD, Rigaku Co Model D/Max 2200-Ultimaplus, Japan) using 
CuKα radiation in the Bragg angle range 10° < 2θ < 90°. The morphology and composition of the membrane was 
analyzed with a scanning electron microscope and energy dispersive x-ray spectroscopy (SEM-EDS, Model 1530, 
LEO Co. Germany). 
 
2.2. Experimental apparatus and procedure 
The membrane permeation cell and equipment used in this work is shown in Figure 1. As shown in Fiure 1 (b), a 
polished cermet membrane was affixed to stainless steel ring using brazing method with commercial brazing filler 
(Nicrobraz 30, Wall colmonoy Co.). After brazing, the membrane of this assembly was polished to remove the 
contamination of brazing filler. Then the assembly disc was sealed in stainless steel membrane reactor using 
pressure exerted on the disk steel plate by screws of reactor. On the other hand, knife edge sealing method used the 
pressure exerted on the cermet membrane by 1/16” fitting of permeation cell like Figure 1 (c). Prior to permeation 
test, the cell test equipment was vacuumed to remove the air in permeation cell tube and the leakage test for the 
J.H. Park et al. / Energy Procedia 4 (2011) 756–762 757
 Author name / Energy Procedia 00 (2010) 000–000 3 
outer parts of apparatus such as line, fitting and valve was conducted with supplying N2 gas at feed side and He gas 
at permeation side. The temperature of the permeation cell test was increased step-by-step from 350 to 500 
o
C to the 
desired temperature, using an increment of 50 
o
C, at a rate of 2 
o
C/min and held for 100 minutes. The feed side of 
the membrane was flushed with pure hydrogen (99.999%) and pure Ar (99.9999 %) were introduced as sweep gas, 
The feeding and sweeping flow rates were kept at 20 ml/min. The hydrogen content in the permeate stream was 
carried away by a sweep gas and analyzed using a gas chromatograph (GC-TCD, Agilent 7890, Hewlett-Packard). 
The leakage was measured for all runs and typical leakage was less than 1% of the measured total hydrogen flux. 
 
 
 
 
G
(a) Permeation test equipment 
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                              (b) brazing sealing cell                                     (c) knife edge sealing cell 
 
 Figure 1. The schematic diagrams of test cell 
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3. Results and Discussion 
3.1. Sample characteristics 
Figure 2 shows the XRD patterns of Ta/YSZ membrane after high vacuum sintering. In the case of high vacuum 
sintering (ଔ10-5 torr), no distinct tantalum peak was detected on the surface of Ta/YSZ cermet membrane and 
tantalum carbide was main peak because of the reaction between tantalum and carbon which evolved from carbon 
heater and felt under high vacuum. However, after polishing, the tantalum peak appeared on the surface of 
membrane as shown in Figure 2 (b). It indicates that tantalum carbide coated on the only surface with small 
thickness.  This agrees well with SEM-EDS result of Figure 3 (a). In Figure 2, the XRD result confirmed that the 
structure of the cermet after polishing consisted of only two phases (Ta and YSZ) and no other phase.  
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Figure 2. XRD patterns of Ta/YSZ cermet membrane after vacuum sintering 
 
G
Figure 3. SEM and EDX images of Ta/YSZ cermet membrane; (a) cross section before polishing, (b) surface of feed side after polishing, (c) 
cross section after mapping, (d) cross section before mapping   
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For cermet membrane for hydrogen separation, it is not only enough to possess just designed composition, but 
also it should also possess hydrogen permeable channel of metal through cermet membrane. Figure 3 shows SEM 
images and EDS results for the cross section and surface of cermet membrane after polishing respectively. The SEM 
and EDS images of Figiure 3 depicted continuously distributed metal phase in the dense oxide matrix (the red region 
is Ta and the green region is YSZ).    
 
3.2. Hydrogen permeability of Ta/YSZ cermet  membrane  
Figure 4 shows hydrogen flux through a 0.5mm-thick Ta/YSZ membrane with knife edge sealin as a function of 
temperature and time using 100% H2 as feed gas. Hydrogen partial pressure on the feed side was maintained at 2 
atm while hydrogen partial pressure on opposite side was fixed at lower value by Ar sweep. As shown in Figure 4, it 
was known that the time needed to reach steady state for the permeation flux agreed with the heating time to desired 
temperature. Hydrogen permeation fluxes of Ta/YSZ membranes increased from 0.31 to 1.22 ml/min·cm
2
 as 
increasing temperature from 350 to 500 ଇ. This relationship between flux and temperature agrees well with the 
results of Pd/YSZ [4] and Ni/[Ba(Zr0.1Ce0.7Y0.2)O3] cermet [9] whose hydrogen flux increased with temperature.  
 
Time (min)
0 100 200 300 400
F
lu
x
 (
m
L
/m
in
 c
m
2
)
-1
0
1
2
3
4
5
T
e
m
p
e
ra
tu
re
(୅
)
200
250
300
350
400
450
500
550
H2
He
Temp.
 
Figure 4. Hydrogen permeation flux of Ta/YSZ cermet membrane according to operating temperature 
 
In order to understand the structural/chemical stability and the surface reaction at the Ta/YSZ membrane/gas 
interface, we have performed for long time permeation. However this membrane had a crack on the surface within 
150 min as shown in Figure 4. This crack formation of cermet membrane occurred on the surface in the case of the 
knife edge sealing but in the case of brazing sealing membrane itself was broken totally during permeation test.    
 
3.3. Membrane stability 
For application to membrane reactors for pre-combustion capture, the following requirements must be met: a 
high permeation flux and selectivity for hydrogen; stability of poisons such as CO, H2S, and CH4 etc.; a long life 
time of membrane [11]. Pd and its alloys membrane have excellent hydrogen flux and high resistance to high 
temperature, corrosion and solvents. But despite their advantages, palladium-alloy membranes are usually too 
expensive to apply large scale hydrogen recovery such as pre-combustion CO2 capture. In this point of view, a 
number of metals including tantalum, niobium, vanadium and its alloys, have been suggested as alternatives to 
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palladium. However they are unstable in most atmospheres since they can be easily oxidized, carburized or 
hydrogenised. As explained in previous section, preparation of Ta/YSZ cermet membrane required extra care but 
because the secondary impurity such as carbide and oxide etc. was formed on the surface within 20 μm thickness, 
the membrane of desired composition can be obtained through polishing.  However, if the impurity is formed during 
hydrogen permeation through the membrane, this cermet membrane is not suitable for long time operation to 
separate hydrogen.     
Figure 5 shows the XRD patterns of Ta/YSZ cermet membrane after permeation test using different sealing 
method. No additional peak except Ta, YSZ and Pd peak was detected on the surface of Ta/YSZ membrane using 
permeation cell with knife edge sealing method. On the contrary to knife edge sealing, the main impurity was Ta2H 
in the case of brazing sealing. It is not clear why the composition of impurity is formed on the surface of cermet 
membrane. But it strongly suggests that tantalum of Ta/YSZ cermet membrane can react with hydrogen to form 
impurity in the cermet body and that the formation of tantalum hydride is the origin of membrane breakage for 
brazing sealing cell system. 
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Figure 5. XRD patterns of Ta/YSZ cermet membrane after permeation test for different sealing method 
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4. Conclusion 
Ta/YSZ cermet membranes that non-galvanically separate hydrogen from gas mixtures were prepared by high 
vacuum sintering (ଔ10-5 torr), after unilateral press. Impurities and secondary phases formed during sintering and 
brazing contaminated on the only surface with ca. 20 μm thickness, which can be removed by polishing, obtaining 
desired cermet composition. The hydrogen flux through a Ta/YSZ cermet membrane increased with increasing 
temperature using 100% hydrogen as feed gas. The maximum hydrogen flux through 0.5 mm thick membrane 
exposed to flowing pure hydrgen as feed gas was 1.2 ml/min·cm
2
 at 500 ଇ. During permeation test, Ta/YSZ cermet 
membrane was deteriorated by the formation of tantalum hydride which was the origin of membrane breakage for 
brazing sealing cell system. While in the case of knife edge type sealing, no tantalum hydride was detected on the 
surface of Ta/YSZ cermet membrane. 
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